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Background: Asthma is a chronic inflammatory airway disease characterized by the predominant infiltration of inflammatory cells in
the airways. Thymus and activation-regulated chemokine/C–C motif chemokine 17 (TARC/CCL17) is a chemokine responsible for
trafficking T helper 2 cells into sites of allergic inflammation.
Objective: To validate the role of TARC in association with clinical and inflammatory parameters in adult asthmatics.
Methods: We enrolled 128 asthmatic patients and 70 healthy controls (HCs). Asthma-related clinical and laboratory parameters,
including lung function and eosinophil counts, were measured. Serum levels of TARC, free immunoglobulin E (IgE), and eosinophil-
derived neurotoxin (EDN) were determined by using enzyme-linked immunosorbent assay; serum total IgE level was measured using
ImmunoCAP. The levels of inflammatory lipid mediators, such as leukotriene E4 (LTE4), 15-hydroxyeicosatetraenoic acid (15-HETE),
thromboxane B2 (TXB2), and prostaglandin F2α (PGF2α), were measured by liquid chromatography-tandem mass spectrometry.
Results: Serum TARC levels are significantly higher in asthmatics than in HCs and in allergic asthmatics than in HCs (P < 0.010 for all),
with significantly negative correlations between serum TARC levels and FEV1%/MMEF% values (r = −0.314, r = −0.268, P < 0.050 for
both). The patients with higher serum TARC levels had higher levels of serum total and free IgE levels (P < 0.050 for both) with positive
correlations to serum levels of EDN, TXB2, and 15-HETE (r = 0.233, r = 0.264, and r = 0.223, respectively, P < 0.050 for all).
Conclusion: We suggest the role of TARC in allergic asthma via contributing to mast cell and eosinophilic inflammation.
Keywords: asthma, allergic asthma, thymus and activation-regulated chemokine, IgE, T cells, mast cells, eosinophils

Introduction
Asthma is a chronic heterogeneous airway disease that affects more than 300 million people worldwide.1 The prevalence
of asthma in the general population was reported to range from 1.6% to 4.5% in various countries including South
Korea.2,3 Efforts to classify asthma phenotype and endotype facilitate effective diagnosis, treatment, and management.
Asthma phenotypes and endotypes could be divided into 1) non-allergic vs allergic asthma and 2) type 2-high/
eosinophilic asthma vs type 2-low/non-eosinophilic asthma.4 Allergic asthma (also known as extrinsic/atopic asthma)
is classified if asthmatics have identifiable allergens and their symptoms were developed in early life,5 while eosinophilic
asthma is defined if asthmatics have higher blood/sputum eosinophilia (whether they have allergic or not) and their
symptoms developed in adults.5 T helper (Th)2-mediated eosinophilic activation (initiated by causative allergens) is the
major inflammatory mechanism in asthmatics with allergic backgrounds, while type 2 innate lymphoid cells (ILC2)-
mediated eosinophil activation plays a role in those with the nonallergic background.

Eosinophils are considered key effector cells damaging airway epithelial cells, perpetuating type 2 airway inflamma-
tion in asthma.6 Two major pathways for eosinophil activations are 1) allergen-exposed epithelial cells could release
alarmins (thymic stromal lymphopoietin, interleukin [IL]-25, and IL-33 initiating Th2 signaling pathways), 2) ILCs and
T cells are differentiated into ILC2 and Th2 cells to release their cytokines, such as IL-4, IL-5, and IL-13, leading to
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eosinophil activation/recruitment. Mast cells are predominantly activated by the immunoglobulin E (IgE)-dependent
pathway in allergic asthma.7 The crosstalk between mast cells and eosinophils is recognized. Mast cell degranulation-
derived cytokines could recruit eosinophils from bone marrow and peripheral sources into the lungs.7 Furthermore,
eosinophils could activate mast cells via releasing eosinophil cationic protein (ECP) and major basic protein (MBP)
which further binds to MAS-related G protein-coupled receptor member X2 receptor expressed on the surface of mast
cells.8 Although there have been a few type 2 biomarkers including eosinophilia, higher total IgE, and fractional exhaled
nitric oxide (FeNO) levels, each represents different pathogenic mechanisms and they are not closely correlated.9

Therefore, further investigations to clarify various underlying mechanisms of allergic or eosinophilic asthma are required
in order to support selecting suitable biomarkers for type 2 asthma, which helps avoid unnecessary use of high-dose
corticosteroid and allow the most appropriate and cost-effective use of biologics or disease modifiers.

Thymus and activation-regulated chemokine/C–C motif chemokine 17 (TARC/CCL17) is mainly produced by
immune cells (macrophages and dendritic cells), endothelial cells, keratinocytes, and fibroblasts.10 TARC had a high
affinity for the C-C chemokine receptors CCR4 and CCR8 on CD4+ Th2 cell surface in order to work as a selective
chemoattractant for T cells.11 TARC could be detected in the sera of patients with atopic dermatitis, and sputa (but not
serum) of asthmatic patients.12,13 Additionally, suppression of the TARC/CCR4 axis by using anti-TARC antibody could
reduce airway hyperresponsiveness (AHR) and eosinophilia in an ovalbumin-induced murine model of asthma.14 These
findings suggest that TARC may be potential biomarkers for predicting the endotype of type 2 high/eosinophilic asthma.
The present study aimed to elucidate the role of TARC in airway inflammatory mechanisms of asthma.

Materials and Methods
Study Subjects
One hundred twenty-eight asthmatic patients and 70 healthy controls (HCs) were enrolled from the Department of
Allergy and Clinical Immunology at Ajou University Hospital, Suwon, South Korea. This study was approved by the
Institutional Review Board of Ajou University Hospital (AJIRB-BMR-SUR-15-498), and all the subjects provided
written informed consent. Blood total eosinophil counts (TEC), sputum cell (eosinophil and neutrophil) counts,
pulmonary function tests (forced expiratory volume in 1 second [FEV1], percent and maximal mid-expiratory flow
[MMEF]), and FeNO levels were measured. TEC in peripheral blood was counted using a hematology analyzer. For
spontaneous sputum evaluation, the total number of cells was counted after exclusion of dead cells by using Trypan blue
stain. The differential cell counts were determined by the Wright-Giemsa stain. Sputum eosinophil/neutrophil counts
were calculated as % of eosinophil or neutrophil number per 100 leukocytes counted.15 FeNO was measured with a
NIOX™ analyzer (Aerocrine AB) in accordance with American Thoracic Society/European Respiratory Society
recommendations.16 FEV1/FVC/MMEF values were evaluated by spirometry, and their predictive values were expressed
on the basis of the Morris method.17 The diagnosis of asthma was evaluated according to the recent Global Initiative for
Asthma guideline.1 Briefly, asthma was defined if patients had suffered from recurrent respiratory symptoms (wheezing,
dyspnea, and cough), airway reversibility, and AHR to methacholine (a decrease in FEV1% of 20% on methacholine
challenge test). Type 2 high asthma was defined if patients have at least one among three criteria of type 2 markers
including higher TEC (>300 cells/µL), higher FeNO (>20 ppb), and higher serum-free IgE levels (>85.7 ng/mL).18 All of
the enrolled patients had maintained anti-asthmatic medications, including inhaled corticosteroid plus long-acting beta2
agonist (ICS+LABA) with/without leukotriene modifiers as most of them were in moderate-to-severe asthma. Severe
asthma was defined if they had suffered from more than 2 times asthma exacerbation per year even with maintaining anti-
inflammatory medications including medium-to-high doses of ICS+LABA according to the International European
Respiratory Society/American Thoracic Society guidelines.19,20 Those with autoimmune disease or who had used type
2 biologics within 180 days were excluded. This study was conducted in accordance with the Declaration of Helsinki.

The phenotype of allergic asthma was determined if asthmatics had positive results to skin prick test and/or serum-
specific IgE levels to at least more than 1 common inhalant allergen including Dermatophagoides pteronyssinus,
Dermatophagoides farinae, cat, dog, cockroach, tree and grass pollen mixtures, mugwort, ragweed, Japanese hops,
Aspergillus, and Alternaria (Bencard. Brentford, UK). The levels of serum total and specific IgE antibodies were
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measured using the ImmunoCAP system (ThermoFisher Scientific, Waltham, CA, USA). Serum-free IgE was measured
by enzyme-linked immunosorbent assay (ELISA) as previously reported.18 Briefly, serum (diluted 1:10 in phosphate-
buffered saline containing 1% bovine serum albumin) was loaded in the optimal conditions of IgETRAP protein (YH,
Seoul, South Korea)-coated 96-well plates. Antihuman IgE antibody (ThermoFisher Scientific) which served as the
detection antibody was added to each well and incubated for 1 hour. Then, samples were incubated with horseradish
peroxidase-conjugated anti-rabbit IgG secondary antibody (Novusbio, Littleton, CO, USA) for 1 hour. 3,3′,5,5′-
Tetramethylbenzidine substrate (BD Biosciences, Franklin Lakes, NJ, USA) was added to develop the color. The reaction
was stopped by the addition of H2SO4. Finally, absorbance values were read by using an ELISA reader (BioTek,
Winooski, VT, USA) at 450 nm. Blood were collected in a BD Vacutainer® SST tube. Serum was separated by
centrifugation and stored at −70 °C for further analysis.

Measurement of Inflammatory Lipid Metabolites in Sera
Inflammatory lipid metabolites, such as leukotriene E4 (LTE4), 15-hydroxyeicosatetraenoic acid (15-HETE), thrombox-
ane B2 (TXB2), and prostaglandin F2α (PGF2α) were measured by the liquid chromatography-tandem mass spectro-
metry method. Particularly, sera collected from asthmatic patients and HCs were separated using a BD Vacutainer® SST
tube (BD Biosciences). LTE4-d5 for LTE4, 15(S)-HETE-d8 for 15-HETE, 11-dehydro TXB2-d4 for 11-dehydro TXB2,
and 8-iso PGF2α-d4 for PGF2α (Cayman Chemical Company, Ann Arbor, MI, USA) were used as the internal standards.
AWaters Acquity UPLC system (Waters) with a Hypersil GOLD column (ThermoFisher Scientific) was used to separate
chromatography. Data were obtained using an API5500 triple quadrupole mass spectrometer (AB Sciex, Framingham,
MA, USA) equipped with an ESI source. Data analysis was performed using Analyst 1.5.2 software (AB Sciex).

Measurement of Serum TARC and Eosinophil-Derived Neurotoxin (EDN) Levels
The levels of TARC were measured in sera of the study subjects using ELISA according to the manufacturer’s
instructions (R&D Systems, Minneapolis, MN, USA). Serum EDN levels were measured using the ELISA kit
(SKIMS-BIO Co., Seoul, Korea) according to the manufacturer’s instructions.

Statistical Analysis
The test for normal distribution was performed by using D’Agostino-Pearson omnibus test. Differences between the two
groups were analyzed by Mann–Whitney U-test for non-normally distributed variables and Pearson chi-square test for
categorical variables. Comparisons of data from multiple groups were made by using Kruskal–Wallis test. Correlations
among continuous clinical variables were calculated by Pearson’s or Spearman’s rank correlation coefficient. To evaluate
the diagnostic value of the serum TARC level in discriminating between asthmatics and HCs, receiver operating
characteristic (ROC) curve analysis was performed. Statistical analyses were performed using SPSS software version
22.0 (IBM Corp., Armonk, NY, USA). GraphPad Prism 6.0 software (GraphPad Inc., San Diego, CA, USA) was used to
produce graphs.

Results
Clinical Characteristics of the Study Subjects
Table 1 shows the demographic characteristics of the subjects. Subjects were classified into the allergic and non-allergic
asthma groups according to the results of the skin prick test and serum-specific IgE levels. The median age was older in
the non-allergic asthma group (56.0 ranged from 48.0 to 63.0 years) than in the allergic asthma group (48.0 ranged from
31.0 to 60.0 years) or HCs (47.5 ranged from 39.0 to 56.5 years) (P = 0.008, P = 0.002, respectively). No significant
differences were observed in inflammatory parameters (TEC, sputum eosinophil/neutrophil counts), lung function
parameters, or FeNO levels between the allergic and non-allergic groups. Significantly higher levels of serum total
and free IgE antibodies were noted in the allergic asthma group than in the non-allergic asthma group or HCs (P < 0.001
for both).
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Table 1 Demographic Data of the Study Subjects

Variables Allergic Asthma
(n = 75)

Non-Allergic Asthma
(n = 53)

HC
(n = 70)

P value
(HC vs Allergic

Asthma)

P value
(HC vs Non-Allergic

Asthma)

P value
(Allergic vs Non-Allergic

Asthma)

Age (years) 48.0 (31.0–60.0) 56.0 (48.0–63.0) 47.5 (39.0–56.5) 1.000 0.008 0.002

Sex (female) 46 (62.2%) 37 (69.8%) 41 (58.6%) 0.734 0.257 0.450

Severe asthma (%) 5 (6.8%) 7 (13.2%) NA NA NA 0.236

FeNO (ppb) 21.0 (9.0–49.0) 21.0 (12.5–41.5) NA NA NA 0.983*

Baseline FEV1 (%) 91.7 (83.6–101.3) 93.3 (78.6–102.5) 106.1 (97.6–112.1) 0.001 0.001 1.000

Baseline FVC (%) 93.6 (84.5–100.6) 93.7 (81.7–102.8) 102.9 (93.7–111.1) 0.002 0.004 1.000

FEV1/FVC ratio (%) 85.5 (79.5–91.1) 84.4 (74.9–88.3) 87.0 (74.9–88.3) 0.910 0.060 0.154

Baseline MMEF (%) 74.5 (53.7–92.2) 68.6 (50.2–84.2) 97.5 (83.0–115.0) 0.001 0.001 0.665

Free IgE (ng/mL) 385.0 (114.9–693.1) 72.7 (31.2–183.0) 12.4 (5.2–36.2) 0.001 0.007 0.001

Total IgE (kU/L) 372.0 (109.0–633.5) 84.0 (35.0–194.3) 18.0 (7.0–35.0) 0.001 0.003 0.001

TEC (cells/µL) 222.1 (112.3–420.0) 240.0 (127.5–435.2) 147.0 (77.0–191.4) 0.048 0.025 1.000

Sputum eosinophil count (%) 12.0 (0.0–55.5) 1.0 (0.0–39.3) NA NA NA 0.173*

Sputum neutrophil count (%) 72.5 (37.5–93.0) 80.0 (43.5–90.3) NA NA NA 0.649*

TARC (pg/mL) 108.0 (72.0–173.0) 102.0 (78.0–134.0) 85.0 (56.3–118.8) 0.010 0.224 1.000

Notes: Values are given as n (%) for categorical variables and as median (25–75%) for non normally distributed variables. P values were applied by Pearson chi-square test for categorical variables and by Kruskal–Wallis test or (*) Mann–
Whitney U-test for continuous variables.
Abbreviations: FeNO, fractional exhaled nitric oxide; FEV1, forced expiratory volume in 1s; FVC, forced vital capacity; HC, healthy control; IgE, immunoglobulin E; MMEF, maximal mid-expiratory flow; TEC, total eosinophil count;
TARC, thymus and activation-regulated chemokine.
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Comparison of Serum TARC Levels in Asthmatics
Higher serum TARC levels were noted in asthmatics than in HCs 107.0 (75.5–155.5) pg/mL vs 85.0 (56.3–118.8) pg/mL
(P = 0.004; Figure 1A), among which significantly higher TARC levels were noted in patients with allergic asthma than
in HCs, 108.0 (72.0–173.0) pg/mL vs 85.0 (56.3–118.8) pg/mL (P = 0.010; Table 1 and Figure 1B), while no significant
differences were noted between non-allergic asthmatics and HCs or between allergic asthmatics and non-allergic
asthmatics (P > 0.050 for both, Table 1 and Figure 1B). The serum TARC level was able to differentiate the asthma
group from HCs at the optimal cut-off value of 92.5 pg/mL with 60.0% sensitivity and 61.7% specificity (AUC = 0.622;
95% CI = 0.543–0.701, P = 0.005) as well as the allergic asthma group from HCs at the optimal cut-off value of 93.0 pg/
mL with 60.0% sensitivity and 66.2% specificity (AUC = 0.639; 95% CI = 0.549–0.729, P = 0.004, data not shown).
Negative correlations were noted between serum TARC levels and FEV1%/MMEF% values (r = −0.314; r = −0.268,
respectively, P < 0.050 for both) (Figure 1C and D).

When asthmatics are classified into the type 2-high and type 2-low asthma groups according to TEC, FeNO, and
free IgE profiles, the serum TARC level can be used to differentiate the type 2-high asthma group from HCs at the
optimal cut-off value of 92.5 pg/mL with 60.0% sensitivity and 63.0% specificity (AUC = 0.622; 95% CI = 0.540–
0.704, P = 0.006; Figure S1).

Figure 1 Increased serum thymus and activation-regulated chemokine (TARC) levels in asthmatic patients. Comparison of serum TARC levels (A) between asthmatics and
healthy controls (HCs) as well as (B) among allergic asthmatics, nonallergic asthmatics, and HCs. Data are presented as Geometric mean with 95% CI. **P < 0.010 by Mann–
Whitney U-test or Kruskal–Wallis test. ns, not significant. Significant negative correlations between serum TARC and (C) FEV1%/(D) MMEF%. Data are represented as
Spearman correlation coefficient r (P value). FEV1, forced expiratory volume in 1 second; MMEF, maximal mid-expiratory flow.
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Association Between Serum TARC Levels and Inflammatory Mediators
When asthmatic patients were classified into the serum TARC-high and TARC-low groups according to the cutoff value
derived from the mean+2 SD values of HCs, 178.1 pg/mL), the TARC-high group was younger (P = 0.013; Table 2), and
had significantly higher serum-free IgE (P = 0.031), total IgE (P = 0.030), and 15-HETE levels (P = 0.046) (Table 2 and
Figure 2A and B). No significant differences were observed in blood/sputum eosinophil counts or sputum neutrophils
between the two groups. No differences were found in serum EDN/TXB2/PGF2α between the high- and low-TARC
groups (P > 0.050 for all, Table 2).

Subsequently, we further analyzed correlations between serum TARC levels and inflammatory metabolites. There
were positive correlations between serum TARC and EDN levels (an activation marker of eosinophils) as well as
inflammatory lipid metabolites (15-HETE, TXB2) (r = 0.233, P = 0.024; r = 0.223, P = 0.007; r = 0.264, P = 0.036;
respectively) (Figure 3A-C), while no significant difference was noted in the LTE4 level. In addition, significant positive
correlations were noted between serum 15-HETE and serum-free IgE/total IgE levels (r = 0.261, P = 0.002; r = 0.232, P
= 0.005; respectively) (Figure 3D-E).

Discussion
The present study investigated the role of TARC in adult asthma in association with various clinical and inflammatory
mediators. Significantly higher levels of TARC were found in the sera of adult asthmatic patients than in HCs;
additionally, allergic asthmatic patients had significantly higher TARC levels. Moreover, the serum TARC level could
discriminate allergic asthmatics from HCs with negative correlations to FEV1% and MMEF%. The TARC-high group
had significantly higher serum-free and total IgE levels. Significant correlations were found between serum TARC levels
and serum levels of free and total IgE/TXB2/15-HETE/EDN. The serum TARC level could predict the phenotype of type
2-high asthma by ROC analysis. In addition, the present study demonstrated a close relationship between total IgE/free
IgE levels and 15-HETE production. TXB2 could favor Th2-cell differentiation via blocking the secretion of interferon-γ
in vitro.21 Taken together, increased levels of TARC may induce the release of inflammatory mediators from mast cells,

Table 2 Comparison of Demographic Characteristics Between the TARC-High and TARC-Low Groups

Variables TARC-High
(n = 25)

TARC-Low
(n = 103)

P value

Age (years) 44.0 (29.0–55.5) 54.0 (42.0–62.0) 0.013

Sex (female, %) 14 (56.0%) 70 (68.0%) 0.259
Severe asthma (%) 2 (8.0%) 10 (9.7%) 0.793

FeNO (ppb) 28.0 (9.5–54.5) 21.0 (13.0–43.0) 0.903

Baseline FEV1 (%) 88.9 (82.9–96.7) 93.6 (83.0–102.6) 0.215
Baseline FVC (%) 90.4 (85.0–97.5) 94.7 (82.4–101.8) 0.545

FEV1/FVC ratio (%) 83.2 (75.8–88.8) 84.9 (77.7–90.0) 0.867

Baseline MMEF (%) 68.4 (51.6–87.2) 73.5 (53.0–91.1) 0.739
Serum free IgE (ng/mL) 431.6 (97.3–625.4) 156.6 (50.4–398.1) 0.031

Serum total IgE (kU/L) 430.0 (95.5–689.5) 154.5 (54.5–395.3) 0.030

TEC (cells/µL) 210.6 (107.1–403.3) 248.2 (151.8–456.0) 0.192
Sputum eosinophil count (%) 12.0 (0.0–64.5) 4.0 (0.0–47.0) 0.474

Sputum neutrophil count (%) 80.0 (17.5–92.5) 78.0 (44.5–91.0) 0.713

Serum EDN (ng/mL) 62.5 (32.5–93.7) 50.1 (36.0–64.1) 0.523
Serum TXB2 (ng/mL) 0.5 (0.2–0.8) 0.3 (0.2–0.5) 0.117

Serum 15-HETE (ng/mL) 1.3 (0.6–2.9) 0.9 (0.5–1.4) 0.046

Serum PGF2α (ng/mL) 0.5 (0.4–1.2) 0.4 (0.3–0.7) 0.117

Notes: Values are given as n (%) for categorical variables and as median (25–75%) for non normally distributed variables. P values were applied by Pearson
chi-square test for categorical variables and by Mann–Whitney U-test for continuous variables.
Abbreviations: 15-HETE, 15-Hydroxyeicosatetraenoic acid; EDN, eosinophil-derived neurotoxin; FeNO, fractional exhaled nitric oxide; FEV1, forced
expiratory volume in 1s; FVC, forced vital capacity; IgE, immunoglobulin E; MMEF, maximal mid-expiratory flow; PGF2α, prostaglandin F2α; TXB2,
thromboxane B2; TEC, total eosinophil count; TARC, thymus and activation-regulated chemokine.
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Figure 3 Correlations between serum thymus and activation-regulated chemokine (TARC) levels and EDN/lipid mediators. Positive correlations between serum TARC and
(A) EDN/ (B) 15-HETE/ (C) TXB2 levels. Data are represented as Pearson correlation coefficient r (P value). Positive correlations between serum 15-HETE and (D) free
IgE/ (E) total IgE levels. Data are represented as Spearman correlation coefficient r (P value). 15-HETE, 15-hydroxyeicosatetraenoic acid; EDN, eosinophil-derived
neurotoxin; TXB2, thromboxane B2.

Figure 2 Comparison of serum free and total IgE levels between the activation-regulated chemokine (TARC)-high and TARC-low groups. Concentrations of serum levels of
(A) free and (B) total IgE between the TARC-high and TARC-low groups. Data are presented as Geometric mean with 95% CI. *P < 0.050 by Mann–Whitney U-test. IgE,
immunoglobulin E.
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maintaining Th2/eosinophilic responses in asthmatic airways, and thus, contributing to the development of the phenotype
of allergic asthma.

Allergic asthma is characterized by childhood-onset asthma, positive skin prick test results, and high serum IgE
levels.22 The present study demonstrated that patients with allergic asthma were younger than those with nonallergic
asthma and had significantly higher serum levels of free and total IgE. Allergic asthma is mediated by IgE-dependent
type 1 hypersensitivity reactions, in which mast cells and basophils are activated by IgE in the asthmatic airway.23 IgE
antibody (mainly produced by B cells) binds to its receptor (FcεR1) on mast cells and basophils in order to release
various mediators and cytokines, leading to inflammatory responses.23 Released lipid mediators (including cysteinyl LTs,
TXA2, and PGs [specially PGD2, PGF2α]) as well as histamine derived from various immune cells could increase
vascular permeability and mucus production, and induce bronchoconstriction, enhancing airway inflammation.24 FcεRI-
expressing mast cells were accumulated in smooth muscle, bronchial epithelium, and alveolar parenchyma in patients
with severe allergic asthma.25,26 Blockage of the infiltration of mast cells and their receptors by using mast cell-deficient
mice showed reduced AHR in a mouse model of allergic asthma.27–29 Omalizumab, an anti-IgE antibody, which binds to
circulating free IgE in sera has been used to control asthma symptoms in patients with severe allergic asthma.30 It could
also reduce FcεRI expression on mast cells, followed by suppression of inflammatory signaling cascades.30 The present
study showed increased TARC levels in allergic asthmatics with positive correlations to serum-free IgE/total IgE/EDN
levels (type 2 markers). These results suggest that high serum TARC levels are considered the potential target of
omalizumab treatment, although further investigations are needed to validate changes in serum TARC levels after
omalizumab treatment.

The present study demonstrated that serum TARC level had a positive correlation with serum EDN level, but negative
correlations with lung function parameters (FEV1% and MMEF%). Increased serum EDN level (released from activated
eosinophils) has been reported as a useful serum biomarker for the degree of eosinophilic inflammation in asthmatic
patients.31,32 Furthermore, profibrotic cytokines, including periostin and transforming growth factor beta 1 (released from
eosinophils), and close interplays between eosinophils and epithelial cells, could lead to bronchoconstriction, further
activation of eosinophils and epithelial cells, and airway remodeling, resulting in lung function declines.7,33 Taken
together, TARC-mediated airway dysfunction may be a consequence of activated eosinophils, and eosinophil-epithelial
interactions as well as Th2-eosinophil interactions in the asthmatic airways.

Eicosanoids are the most prevalent lipid mediators which regulate the inflammatory process by triggering pro-
inflammatory messengers, signaling pathways, and immune cell activation in the pathogenesis of asthma.34

Arachidonic acid (AA), which is released from membrane phospholipids by cytosolic phospholipase A2, is converted
into prostanoids (PGs and TXs) by cyclooxygenases (COX) into LTs and lipoxins by lipoxygenases (LOXs), or into
epoxyeicosatrienoic and hydroxyoctadecanoic acids via epoxygenases.35,36 AA will be transformed into 5-HETE in the
presence of the 5-LOX enzyme and quickly generated into LTA4, LTB4, LTC4, and finally into LTE4 in the cysteinyl LT
synthetic pathway.37 However, 15-LOX, which is derived from macrophages, eosinophils, and bronchial epithelial cells
in response toward the inflammatory milieu, triggered the transformation of LTA4 into 15-HETE.22,38 By measurement
of sub-basement membrane thickness, 15-HETE and its counterpart (15-LOX) would be elevated in severe eosinophilic
asthmatics compared to severe non-eosinophilic asthmatics, which was shown to be associated with airway fibrosis,39

and pro-inflammatory effects on tissue remodeling.40,41 However, there is a conflicting result showing that 15-HETE has
anti-inflammatory effects through suppressing inflammatory cell migration and activation as well as inflammatory effects
through adhering to molecules. The high concentrations of LTE4 and PGF2α released from mast cells could increase
inflammatory and contractile responses in asthmatic patients. The present study demonstrated that the production of 15-
HETE is related to serum free and total IgE levels, which were similar whether or not asthmatics were maintaining
additional leukotriene receptor antagonists or ICS-LABA. These findings suggest that 15-HETE may exert its harmful
effects through releasing mediators from activated mast cells.42 In addition, TXA2 derived from the COX-pathway is not
a stable form; thus, it is hydrolyzed into TXB2.22,38 TXB2 is known as the inhibitive factors that favor Th2-cell
differentiation through blocking Th1 cytokine (interferon-γ) secretion in vitro.21 Taken together, it is conceivable that the
increased level of TARC may reflect the dysregulation of AA metabolism, perpetuating eosinophilic airway inflammation
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and remodeling in asthmatic airways, where LT modifiers or ICS+LABA could not suppress this TARC-induced
inflammatory response.

This study has some limitations. First, it is an observational single-center study with limited sample size; further
multicenter studies are needed to confirm our results. Second, no direct associations were found between the severity of
asthma and serum TARC levels/sputum eosinophils/TEC. Longitudinal follow-up studies are necessary to clarify the
changes in serum TARC levels after anti-inflammatory treatments or type 2 biologics in asthmatic patients. Third, our
investigation could not clarify the mechanisms on how TARC induces eosinophil activation or dysregulation of
inflammatory lipid mediators in vivo and in vitro. Despite these limitations, we first demonstrated two TARC-induced
airway inflammatory mechanisms (the TARC-Th2 cell trafficking-eosinophil degranulation-epithelial damage axis and
the TARC-IgE-mast cell activation-eicosanoid productions-lung function decline axis) in patients with allergic asthma in
the real-world clinical setting.

In conclusion, these findings suggest that TARC may contribute to develop the phenotype of allergic asthma through
the Th2-driven activation of eosinophils and mast cells, followed by release of inflammatory lipid mediators. Further
studies are needed to evaluate whether biologics (anti-IgE antibody or other type 2 biologics) could overcome this
inflammatory signaling cascade.
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